To improve forecasting accuracy of the generated energy of regional small hydropower stations, it is proposed a forecasting method of regional small hydropower generation considering the cumulative effect of rainfall.In this paper, the meteorological data was classified by using decision tree firstly. Then through the in-depth analysis of the output law of small hydropower stations, the generated energy forecasting model was set up using the method of multiple regression fitting that considering the rainfall effect. Finally, the corrected model is established to correct the predicted results that considering accumulative effect of rainfall.
INTRODUCTION
As an important clean renewable energy, small hydroelectric power plants have following features. The installed capacity is small, the construction period is short, the output is closely related to weather, and they are widespread throughout the area with abundant water resources.With the installment capacity of small hydroelectric power plants growing, its proportion in total electrical generating capacity is rising. Due to the small reservoir capacity and no energy storage, rainfall greatly influences the generating capacity of small hydroelectric power plants, that is, the generating capacity of small hydroelectric power plants depends on the rainfall and then the wholesale electricity is affected indirectly.
A great deal of research work on the influence of meteorological factors on the load forecasting curve has been conducted by scholars around the world [1] [2] [3] [4] [5] [6] , but there are still several aspects that should be considered.
(1) The complexity and variability of weather ,including the weather changes continuously in time,and the weather might abruptly change at the same time.
(2) Dual nature of the influence of weather on load. One hand, the effect of real-time weather changes on the load. On the other hand, the effect of meteorological cumulative effect on the load.
For the sake of those problems mentioned above, a forecasting method based on meteorological decision tree was proposed ,and the monthly generated energy of small hydropower stations was predicted by using the method in this paper.
GENERATED ENERGY FORECASTING OF SMALL HYDROPOWER STATIONS CONSIDERING RAINFALL

LAWS ANALYSIS OF THE OUTPUT OF SMALL HYDROPOWER STATIONS
Small hydropower stations in China are run-of-river power stations, so the regulation capability is poor, and the output depends on natural flow of rivers and fall. Due to that small hydropower stations are mainly distributed in mountainous regions and most have no storage capacity or small capacity, there is obvious correlativity between generated energy of small hydropower stations and rainfall.It is the 
precondition for performing load forecasting task well in regions with small hydropower stations to get exact generated energy change rules of small hydropower stations. However, the generated energy of small hydropower stations is very indeterminate, and its regularity is often unsatisfactory. Under conditions of no rain, rain and continual heavy rain, generated energy curves of small hydropower stations were given in reference [7] .Due to the complicated delayed effects of rainfall, current monthly accumulated rainfall would influence the hydropower output of next month.
CORRELATION BETWEEN WEATHER AND GENERATED ENERGY
Taking small hydropower stations in a certain area as an example, correlations between actual monthly generated energy and accumulated rainfall and that between actual monthly generated energy and temperature between 2010-2015 from May to October are calculated . The results are shown in Figure  1 . It can be seen from Figure 1 that, temperature and rainfall have obvious positive correlations with monthly generated energy of small hydropower stations, and monthly generated energy are influenced by the whole fluctuation trend of accumulated rainfall in the previous month , monthly accumulated rainfall and monthly average temperature. As accumulated rainfall in the previous month rose, monthly generated energy of small hydropower stations would rise, meanwhile it would fluctuate influenced by monthly rainfall and temperature. If L is daily maximum load, X i is anyone of meteorological variables, then the formula of correlation between monthly generated energy and anyone of meteorological variables is as follow [1] . (1) To find the relationship that monthly generated energy varies with historical generated energy.The correlation between actual monthly generated energy and generated energy in the previous month is also calculated.
TABLEⅠ. CORRELATIONS BETWEEN ACTUAL MONTHLY GENERATED ENERGY OF SMALL HYDROPOWER STATIONS AND METEOROLOGICAL FACTOR
Meteorological Factor Correlation Coefficient
Monthly Accumulated Rainfall It could be seen from TableⅠ,the correlation between actual monthly generated energy of small hydropower stations and accumulated rainfall in the previous month is the largest one, and the following one is that with generated energy in the previous month. Therefore, monthly cumulative rainfall of the month before, monthly cumulative rainfall and previous month generated energy are chosen as the three key influence factors for modeling.
GENERATED ENERGY FORECASTING MODEL OF SMALL HYDROPOWER STATIONS
Historical rainfall and the output data were used to establish generated energy forecasting model of small hydropower stations. The steps are as follows.
( , , )
Here, W mf is the predicted monthly generated energy of small hydropower stations, W mh is the monthly generated energy of previous month, R mh is the monthly rainfall of previous month in this region, R mf is the predicted monthly rainfall.
Due to that several independent variables were involved in this model, the output forecasting model of small hydropower stations would be established using multivariate linear regression and multivariate nonlinear regression.
Model was set up using multivariate linear regression as follow.
Here, a 1 , a 2 , a 3 are the coefficients of ternary linear regression, which could be calculated in Matlab.  is random error term, which is included in W mf but cannot be explained by the linear relation of the first three independent variables.
2.4CORRECTED MODEL CONSIDERING ACCUMULATIVE EFFECT
The cumulativity of rainfall were analyze above, so the accuracy of prediction model could be improved considering the influence of rainfall on the generated energy of small hydropower stations.
If the basic forecasting model in subsection 2.3 is correct, the change of monthly rainfall could cause the prediction error of the model. In this subsection, corrected model was established using rainfall increment of two straight months and the error between actual value and the predicted generated energy of small hydropower stations.
Firstly, the rainfall increment of two straight months is calculated as follow.
Here, R i is the monthly accumulated rainfall of the month to be predicted. R i-1 is the monthly accumulated rainfall of the previous month. i R  is the increment of monthly accumulated rainfall of the two months. Based on the error between actual value and the monthly output value of small hydropower stations, the error caused by rainfall increment is calculated as follow. Considering accumulative effect of rainfall, the corrected output forecasting model of small hydropower stations could be set up using multivariate linear regression formula as follow.
Here,  and  are the correction coefficients.
is the predicted correction considering accumulative effect of rainfall. The corrected output forecasting model of small hydropower stations could be achieved by adding formula (6) to (3).
OVERALL PREDICTION PROCESS
The proposed regional small hydropower generated energy forecasting method considering the cumulative effect of rainfall , and its overall prediction process is shown as follow. Firstly, the weather and generated energy data are acquired and processed. The weather data is classified by using decision tree, and the weather condition of the day predicted is estimated. Secondly, the load characteristic of small hydropower stations is thoroughly studied considering their actual power output, the main weather factors with influence on small hydropower stations are analyzed and the basic power forecasting model is established considering rainfall effect. For the cumulative effects of rainfall, the generated energy forecasting model of small hydropower stations is corrected considering monthly rainfall increment. Through the weather estimation of the day predicted by using the classification algorithm of decision tree, the basic forecasting model combines the modified model to predict the monthly generated energy of small hydropower stations.
EXPERIMENTS AND ANALYSIS
The proposed method was used to predict the generated energy of small hydropower stations in a certain area , where the period is from June to October in 2015 corresponding to the flood period in summer, and the experimental results were analyzed in this section.
WEATHER SITUATION ANALYSIS
The rainfall in the region is plentiful in summer, and the generated energy of small hydropower stations varies with monthly accumulated total rainfall as shown in Figure 2 as follow. 
POWER GENERATION FORECASTING OF SMALL HYDROPOWER STATIONS
The power generation forecasting of small hydropower stations was modeled with historical data from 2010 to 2014 and error analysis was conducted. Then Formula (3) was chosen to set up basic forecasting model. The model parameters are shown as follow, which were calculated based on historical output data. 
The power generation forecasting of small hydropower stations from June to October in 2015 were predicted and corrected using Formula (3) and (6) . The predicted errors of maximum load before correction are shown in Table II . The predicted errors of maximum load after correction are shown in Table III . It can be seen from the prediction results that, the prediction error of maximum output of small hydropower stations after corrected are less and no more than 10%.
Conclusions
The small hydropower generated energy forecasting method considering the cumulative effect of rainfall has been proposed in this paper. It is based on several indexes obtained through comprehensive research to establish multiple linear basic forecasting model with correction. Based on the above results, it can be known that this method takes the key factors influencing the generated energy of small hydropower stations into account, establishes basic forecasting model with less error and preliminarily corrects prediction results, which further reduces the error. This work is supported by staff technical innovation project of Guangxi Power Grid Co., Ltd (2016-262) 
